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Abstract: In 1999, Molodtsov §] introduced the concept of soft set theory, which can be used asearigenathematical tool for
dealing with uncertainty. In this paper, we first generalise the concepiudfosophic sof set defined by Maji(]. We then study basic
operations on the generalised neutrosophic soft set. We finally praseqplication of generalised neutrosophic soft set in decision
making problem.
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1 Introduction Majumdar and Samant23] have defined the similarity
measures for the soft sets. [22, they have applied the

Most of the problems in engineering, medical SCience,generalised fuzzy soft sets to decision making problem by

economics, environments etc. have various uncertaintied€neralizing fuzzy soft sets.
Molodtsov ] initiated the theory of soft sets as a new  Neutrosophic set, a part of neutrosophy introduced by
mathematical tool for dealing with uncertainties. Since Smarandache7[8] as a new branch of philosophy, is a
this theory has a parameterization tool, it is differentfro mathematical tool dealing with problems involving
tradional theories concerning with uncertainties, such agmprecise, indeterminacy and inconsistent knowledge.
the theory of fuzzy set, the theory of intuitionistic fuzzy Contrary to intuitionistic fuzzy sets, a neutrosophic set
set, the theory of rough set, and the theory of vague setconsists of three basic membership functions
This feature make it indispensable for applications inindependently of each other, which are truth,
many fields such as function smoothless, Riemanrnindeterminacy and falsity. By combining the soft set
integration, measurement, game theory, decision makingheory with neutrosophic set theory, Ma( 21] has
ect. introduced the notion of neutrosophic soft set and showed
Maiji et al. [16] introduced some operations of soft an application of neutrosophic soft sets in object
sets, which makes a theoretical study of the soft set theoryecognition problem.
in more detail. Integration of soft sets to decision making In this paper we begin with some basic definitions of
problem was firstly proposed by Maji et aflq]. After soft sets and neutrosophic(soft) sets. We define a new
these two important studies, the soft set theory have beenoncept named generalised neutrosophic soft set by
studied increasingly, se€,3,11,12,13 14]. Also it has  generalizing the neutrosophic soft sets defined by Maji in
been applied to several algebra structures: grot,] [20] and study its basic properties. To make more
semirings 6], rings [24], BCK/BCl-algebras 27,2§], effective and realistic to neutrosophic soft sets, we httac
d-algebras 29|, ordered semigroups 3f], and tothem a degree indicating the possibility of approximate
BL-algebras 10]. Recently, some authors have value-set. We then give similarity measures for the
introduced some new mathematical tools by generalizingneutrosophic soft sets and the generalised neutrosophic
and extending Molodtsov’s classical soft set theory; fuzzysoft sets, respectively. We also present an application of
soft sets 17], intuitionistic fuzzy soft sets18,19], vague  generalised neutrosophic soft sets in decision making
soft sets 29|, interval-valued fuzzy soft set2f], and  problem. In the final section, we make the general
interval-valued intuitionistic fuzzy soft sets 37]]. evaluation of this paper.
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2 Preliminaries

In the section we briefly recall the notions of soft set and

neutrosophic(soft) set. For details s@e5}7,8,13,14,23].

Definition 1.[5,14] Let U be an initial universe, RJ) be
the power set of U, E be the set of all parameters ard A

E. Then, a soft setfover U is a set defined by a set valued element

function f representing a mappingaf E — P(U) such
that fa(x) = @ if x ¢ A.

For any parameter ec E, F (e) is referred as the
neutrosophic value set of parameter e, i.e,

F(e) = {<X7 aF(e)(X)7 VF(e) (X)vﬂF(e) (X)>} )

wherea, y,3 : U — [0, 1] are the memberships functions
of truth, indeterminacy and falsity respectively of the
xe U). For any xe€ U and ec€ E,

0 < apg(X) + ¥e(e(X) + Brg)(X) < 3. In fact, F¥ is a
parameterized family of neutrosophic sets on U, which

Thus, a soft setfover U can be represented by the set has the degree of possibility of the approximate value set

of ordered pairs | = {(x, fa(X)) : x € E, fa(x) € P(U)}.
Definition 2.[7,8] Let U be a space of points (objects)

and xe U. A neutrosophic set N in U is characterized by Fh(e) {(
F(

a truth-membership function 9, an
indeterminacy-membership  function./y and a
falsity-membership functior#y, where J(X), n(X)

which is represented hy (e) for each parameter.eSo we
can write it as follows:

X1 X2 Xn
() F o0 F o)) )’“e)}

Example 1Consider two generalised neutrosophic soft

and .7y(x) are real standard or nonstandard subsets of setsF# andG®, whereU is a set of three cars under the

10—, 1*[. Thatis

Fn U —]07, 14
U —]07, 1%
Fn U —]0-, 1%

There is no restriction on the sum 6§ (x), #n(x) and
ZN(X), 00 < sUpZ(X) +SUpn(X) +supZn(x) < 3*.

Here, for practical purposes and to keep the discussion

relatively simpler we are assuming the rangd®fl].

Definition 3.[ 7] A neutrosophic set N is contained in the
other neutrosophic set M, K M, if and only ifvx € U,
INX) < Tu(X), In(X) < v (X) and Zn(X) > Fu(X).

consideration of a decision maker to purchase, which is
indicated byU = {c;,c,c3}, andE is a parameter set,
where
E = {e,e,e3} = {performance, security, comfgrt
ThenFH andG® describe two different attractiveness of
the cars to the decision maker.

Suppose thatF* and G% are given as follows,
respectively;

Definition 4.[20] Let U be an initial universe set and E be

a set of parameters. Consider@E. Let.4 (U) denotes
the set of all neutrosophic sets of U. Theni§termed to

be the neutrosophic soft set over U, where F is a mapping

givenby F: A— 4 (U).

Thus, we can represent the neutrosophic soft get F

over U by
Fa = {(X Trs() (), Trate) (X)s Fra(e) (X)) s €€ E, X €
U and %, (X), 7%, (X), Fr. () € P(U)}.

3 Generalised neutrosophic soft sets

Throughout papet) is an initial universeE is a set of
parameters and is an index set.

Definition 5.Let U be an initial universe and E be a set
of parameters. Let# (U) be the set of all neutrosophic
sets of U. A generalised neutrosophic soft séidver U is
defined by the set of ordered pairs

FH={(F(e),u(e) :ecEF(e)cA(U)uleec[01]},

where F is a mapping given by FE — 4#/(U) and u
is a fuzzy set such that: E — | =[0,1]. Here, F! is a
mapping defined by#: E — 4" (U) x I.

FH(e1) = ((oeot0a 020705 060108 ) (0D
FH (e2) = (530807 060301 070403 ) » (04)
FH (e3) = ( 5z0b08 010202 0803047 ) » (06)
G (e1) = ( (azo409 080407 030405 ) » (02)
G (e2) = ( (os0%05 > ©50509 > wiosoy ) (0-7)
G (e3) = (0.5,0[.:113.,0.1) , (0.3,0[.3570.7) , (0.4,0?70.6) ,(0.1)

For the purpose of storing a generalised neutrosophic
soft set in a computer, we can present it in matrix form.
For example, the matrix form df# can be expressed as
follows: formne A,

(0.6,0.5,0.4) (0.2,0.7,0.5) (0.6,0.1,0.8) (0.1)
(0.3,0.8,0.2) (0.6,0.3,0.1) (0.7,0.4,0.3) (0.4) |,
(0.2,0.5,0.6) (0.1,0.7,0.2) (0.8,0.3,0.4) (0.6)

where them-th row vector shows (ey) and andn-th

column vector shows, while the last column shows the

values ofu.

Definition 6.Let F¥ be a generalised neutrosophic soft
set over U where F(e) = {(F(e),u(e))} and

F(e) = {(X%are)(X), ¥e(e)(X), Be(e) (X)) } for all e € E,

xeU. Thenfor g, € E and x €U,

(1)F* is said to be truth-membership part of'F
where P = {(Fan(em), 1 (em)}
Fran(€m) = { (¥, OF (o) (*n) ) 5

and
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(2)F* is said to be indeterminacy-membership part of

FH,
Where F = {(Fyn(em), H(em))} and
Frmn(€m { <Xn VF Xn)> } ;

(3)Fis sald to be falsny membership part of F
Where = {(Fnﬁn(em) H(em))} and
Frn(ém { <Xn BF )> }

We say that every part &+ is a component itself and
denote byFH = (F* F* F9). Then matrix forms of
components ofF# in Examplel can be expressed as
follows:

FD

0.
0.
02 Ol 08
0.

F*

040508
0.2,0.1,0.3
0.6,0.2,0.4

F<1

( 6) (0.1)
( ) (0.4)
( ) (0.6)
( ) (0.1)
(0.8,0.3,0.4) (0.4)
. 3) (0.6)
( ) (0.1)
( ) (0.4)
( ) (0.6)

where

Fn(em) = { (Xn, Gr (e (X0)) } »
Fan(em) = { (Xn. Ve (em) (%)) } »
Fan(em) = { (%, B (em) (%)) }

mean the truth, indeterminacy and falsity valuesndh
element the according to-th parameter, respectively.

RemarkSuppose thafFH is a generalised neutrosophic
soft set ovetd. Then we say that each componentrdf

can be seen as the generalised fuzzy soft set of MajumdaF: (en) =

[22]. Also if it is taken u(e) = 1 for all e € E, then our

We denote this relationship by*F= G°. Moreover, if
GY is a generalised neutrosophic soft subset §f Ehen
FH is called a generalised neutrosophic soft superset of
G?9. This relationship is denoted by~ G?.

Example 2Zonsider two generalised neutrosophic soft
setsF* andG®. Suppose thdl = {c;, ¢y, c3} is the set of
cars andE = {ej,e,e3} is the set of parameters where

=performance,e, =security, e =comfort. Suppose
thatFH andG? are given as follows, respectively;

FH(er) = (0.4,0(.:%,0.4) ’ (0.2,0%,0.5) ’ (046,0(3,0.4) :(0.2)

FH(e2) = (070504 060409 m30e07 )+ (05

FH(es) = (o.z,océ,o.n 7(0.4,0?5,0.4) 7(0.5,0(.:%,0.8) (0.6
and

G (e1) = ( g70807 > 080505 weotez ) (0-4)

G (&) = (0.7,0%,0.3) v(o.e,oc.g,o.n v(o.7,oc.$.o.7) ,(0.7)

G (e3) = ( (a0t06 > ©60503 > @s0soa ) - (©

ThenFH is a generalised neutrosophic soft subset of
G?, thatis,FH C G°.

Definition 10Let F¥ and & be two generalised
neutrosophic soft sets over same universe ¥ afd G

are called generalised neutrosophic soft set equal,
denoted by F = G% if F¥ C G% and F* J GP. In other

words, if u(em) = d(em) and F(em) = G(em) for all
encE,lie, Fr%n( ) Glr>nn(em), F%n(efn) = G*mn(em) and
G n(€m), then P4 = G,

generalised neutrosophic soft set coincides with theProposition1let F¥ and & be two generalised

neutrosophic soft set of Maj2p].

Definition 7.A generalised neutrosophic soft set Bver

neutrosophic soft sets over U. Then

(HWFHCFH,

U is said to be a generalised null neutrosophic soft set(ii)FH C U if F;,(em) = 1foralley € E and mne A

denoted by, if Vec E, O* : E — _#/(U) x | such that
0“(e) = {(F (¢). 1 (€))}, where Fe) = {(x,0,0,0)} and
pH(e)=0,xeU.

Definition 8.A generalised neutrosophic soft set Bver

and
OHCFHifFy,(em) =0forallepmc Eandmne A ;
(i )FF C GP and @ CHY — FH C HA.

Prooflt is clear from Definitior9.

U is said to be a generalised absolute neutrosophic soft

set denoted by Y, if vee E, U¥ : E — .#/(U) x | such
that U (e) = {(F (€)1 (€))}, where Fle) = {(x,1,1,1)}
andu(e)=1,xeU.

Definition 9.Let U be an initial universe and E be a set of
parameters, F and @ be two generalised neutrosophic
soft sets, we say thatis a generalised neutrosophic soft
subset of @ if

(1)u is a fuzzy subset @,
(2)Vee€ E, F(e) is a neutrosophic subset of(@), i.e., for

all em € E and mn € A,
Fin(em) < Ghn(em).Fin(em) < Gh(em), and
Frn(€m) = Giyn(€m) -

Definition 11.[4] A binary operation® : [0,1] x [0,1] —
[0,1] is continuous + norm if ® satisfies the following
conditions.

() ® is commutative and associative, (itp is
continuous, (i) a® 1 = a, Va € [0,1] and (iv)
a®b<c®dwhenever & c,b<dandab,c,d € [0,1].

Definition 12.[4] A binary operation® : [0,1] x [0,1] —
[0,1] is continuous +conorm if@ satisfies the following
conditions:

(i) @ is commutative and associative, (ip is
continuous, (i) a® 0 = a, Va € [0,1] and (iv)
a®b<caodwhenevera c,b<dandab,c,d e [0,1].
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Definition 13.The union of two generalised neutrosophic (1)HA 11 (FHLIG?) = (HA FH) U (HA NGP),
soft sets ¥ and G over U, denoted by M=FHLIG?,  (2)HA j(FHNG®) = (HA LIFK) M (HA LUG?Y).
is a generalised neutrosophic soft set Hefined by K =

(H”,H* H?), whereA (en) = H(em) @ (em) and RemarkThe relations in above proposition does not hold
N § in general.
H =F
HE:E?; _ FE:( g@GF‘nnE ; Definition 15.The complement of a generalised
H2 (em) = Fi(€m) © Gn(€m) neutrosophic soft set # over U, denoted by K9 is

defined by KO = (FD(C),F*(°>,F<‘<°>), where

forallep,e Eand mne A.
1) (em) = 1— p(em) and

Definition 14.The intersection of two generalised

neutrosophic soft setsHand & over U, denoted by Eo©) — F<
K& = FHMG?, is a generalised neutrosophic soft set K TFC>(9'“) m”(a*“)
defined by K = (K°,K*KY),  where Frgpc)( em) = 1—Fan(€m)
€(&m) = H(em) ® &(em) and Fmn” (€m) = Fn(em)
Hin(€m) = Fin(&m) ® Ghn(em) foreachg, € Eand mne A.
E’Q”E g E’Q“E gggq E ; Example Consider Examplel. Complement of the
mn mn mn generalised neutrosophic soft $&t denoted byFH(©
forallen, € Eand mne A. given as follows:
Example 3.et us consider the generalised neutrosophic
soft setsFH and G defined in Examplé.. Suppose that FHO) (g) = | ) C2 ) Cs ,(0.9)
thet — conormis defined by®(a, b) = max{a,b} and the © (0'4’05’0'6) (0'5’00'3’0'2) (O'B’OC'Z’O'6)
t —norm by ®(a,b) = min{a,b} for a,b € [0,1]. Then FH (&) = (0.2,0.2,0.3) ’ (0.1,0.7,0.6) ’ (0.3,0.6,0.7) :(0.6)
A _gHu 0 i ; .
H FHLUG? is defined as follows: EH(c) (63) = (0.670(%’0.2) 7(0.270%’0.1) 7(0.4700%’0.8) ,(0.4)
H(e1) = ( s0504 80207 60405 ) > (02) iti i
(06,05,04) > (080.7,02) > (0.6,04,05) Proposition 4Let FX¥ and & be two generalised
H(e) = “L 2 G ,(0.7) neutrosophic soft sets over U. Then

(06080.2) ’ (0.60.7,0.1) * (0.7,0.7,0.3)
(1)FH is a generalised neutrosophic soft subset &fLF

C:
H(es) = (0.5,00.%,0.1) 7(0.3,06.%,0.2) 7(0.8,0%,0.4) ,(0.6)

FHE©),
Example 4.et us consider the generalised neutrosophic(2)FH MFH(© s a generalised neutrosophic soft subset of
soft setsFH and G defined in Examplé.. Suppose that FH.

thet — conormis defined byd(a,b) = max{a,b} and the

t — norm by (a,b) = min{a,b}. Thenk® — FX MG is Prooflt is clear from definition.

defined as follows: Definition 16."’AND”  operation on two generalised
o o & neutrosophic soft setsH-and G over U, denoted by
K(e1) = ( wto409 020105 030308 ) (0-1) HA = FE AG?, is the mapping B : C — A4/ (U) x
K(e2) = ( 030505 050308 - (01003103> ,(0.4) defined by Mo = (H"H"H") where
A(em) =min{u(ex),d(en)} and
K(es) = ol o s (0.1) (em) {H(ex),d(en)}

(0.2,0.5,0.6) ’ (0.1,0.2,0.7) * (0.4,0.1,0.6)
Hrl?m(em) rmn{Fkn ) rbm(eﬂ)}

Proposition 2Let F¥, G and H' be three generalised Hin(em) = 3 {F (&) + Ginlen) }
neutrosophic soft sets over U. Then H;‘m(an) max{Fd (e),Grn(en) }

5_ o
(DFHUG® = GO UFH, forall ey = (e, &) € CCE xE and mn,h,ke A.
(2FHNG° = G‘SWF“ I I . .
3)(FFU G5) LUHA = F“ L] (G5 U H)\) : Definition 17."0OR operation on two generalised

neutrosophic soft setsHand & over U, denoted by

&\ 5o
(4)(FHNG) MHY =FHM (G MHY). K& = FH Vv GY, is the mapping K:C —s 4 (U) x

ProofThe proofs can be easily obtained from relative defined by K = (K"K K9, where
definitions. &(em) = max{u(ex),d(en)} and

Proposition 3Let F#, G® and H' be three generalised Kgm(em) maX{Fkn &), Gin(en) }
neutrosophic soft sets over U. If we consider the Kion(em) = 2 {Fkn )+ Giy(€n) }

t — conorm defined byd(a,b) = max{a,b} and the K< (an) min { R (&), G ()}

t —norm by®(a,b) = min{a,b} for a,b € [0,1], then the mn kn{ 3> Shn

following holds: for all em = (ex,&n) e CCE xE and mn,h,k € A.

@© 2014 NSP
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R | g 2 ] H
e; | 045 05 065 02

Definition 18Let F¥ and @G be two generalised LR e o
neutrosophic soft sets over U andCE x E = E2. A 2| 02 am o oo 00
function R: C — .#/(U) x |, defined by R= FK A G° %o 3w 0w oo
. . 1l o 4 om0
and Rem,e) = FH(em) AG%(e,) is said to be a w0 oe 2o
neutrosophic soft relation from # to G° for all o
(em,en) € C. Matrix F*of R
Definition 19.Let §={R" :t € A} be any collection of Rl o o
generalised neutrosophic soft sets over U. Suppose that o B %
C CE!' fort € A. Then a generalised neutrosophic soft | o 05 06 02
relation R ong is the mapping RC — #/(U) x | and m |os or0¢ o
. . . 507 03 04 o
is defined by Rem,,€m,,....6m) = A}:lFti“" (ém ), where &1 | 07 05 08 04
(my, Emys - €m ) € C. o oz 05 ot o

S . Matrix F< of R
Now, we present an application of the generalised

neutrosophic soft set relation in a decision making

problem. Suppose that = {c1,cp,C3} is a set of cars and We present the matrices of three basic components of
E = {e1,e,e3} = {performance, security, comfgris a R, which are truth-membership, indeterminacy
set of parameters which is attractivess of cars. Supposmembership and falsity-membership part. To choose the
Mr. X wants to buy one the most suitable car according tobest car, we firstly mark the highest numerical grade
himself depending on three of the parameters only. Here(underline) in each row of each matrix. But here, since the
the selection is dependent on the choice parameters dést column is the grade of such belongingness of a car for
buyer. Suppose that there are two observathandG® each pair of parameters, it is not taken into account while
on cars by two committees based on the choicemarking. Then we calculate the score of each component
parameters of Mr. X. The committees construct theof R by taking the sum of products of these numerical
following generalised neutrosophic soft sgs andG%, ~ grades with the corresponding values jof Next, we
respectively; calculate the final score by subtracting the score of
falsity-membership part oR from the sum of scores of
truth-membership part and of indeterminacy membership
part ofR. The car with the highest score is the desired car

0.2,06,0.3)
0.3,04,0.5)

0.5,0.45,0.4)

)
0.3,0.45,0.7)
0.2,0.55,0.8)

)

06,05,0.7)
03,05505 04,04,0.7) 02,05,0.3)
06,06507) (0203505  (0.2,04,04)

Matrix form of relation R

Score(cy) z (0.15)+ (0.62) — (0.21) = 0.56
Score(cz) = (0.61) 4 (0.41) — (0.80) = 0.22

(0.7,0.5,0.3) (0.5,0.4,0.5) (0.9,0.9,0.6) (0.2) by Mr. X
(0.3,0.2,0.5) (0.6,0.7,0.3) (0.5,0.8,0.4) (0.5) o
(0.6.0.6.0.5) (0.4.0.2.05) (0.2.0.7,0.3) (0.7) respNeo(;ltvi’v;vI; calculate the score of each componerRof
(0.7,0.4,0.7) (0.3,0.6,0.3) (0.5,0.4,0.8) (0.4)
(0.3,0.5,0.2) (0.8,0.6,0.7) (0.4,0. 3, 0.3) (0.1) Score(c;) =0.74  Score(cy) = 0.56
(0.9,0.7,0.7) (0.2,0.5,0.1) (0.8,0.1,0.4) (0.6) Score(cy) = 0.15 , Score(cy) = 0.62 |
Score(cz) =0.61  Score(cz) =0.41
Let us consider generalised neutrosophic soft set Score(c;)=0.91
relation R which is the mappindqR: C — A4 (U) x I, Score(cy) = 0.21
given as follows: Score(cz) = 0.80
R | o o u Thus we conclude the problem by calculating final
er1 (0.7,0.45,0.7) (0.3,0.5.0.5) (osossos) 0.2) .
e1o | (03,0503 (0.5,0.5,0.7) (0.4,0.6,0.6) (0.2) score, l.e.,
er3 (0.7,0.6,0.7) (0.2,0.45,0.5) (0.8,0.5,0.6) 0.2)
2L | (0303505 (006807 (0405504 (01 S 0.74) + (0.56) — (0.91) — 0.39
z 5 E % core(cr) = (0.74) +(0.56) — (0.91) =0
( ( ( (1)
( (0.6)

Then the optimal selection for Mr. X is tte.
R | g 2 H
ey | 07 03 05 02
e, | 03 05 04 01
e3 | 07 02 08 02

2|03 3 o0s o1 4 Similarity measures of neutrosophic soft
2 os o3 02 as sets based on distance

e | 03 04 02 01
e33 | 06 02 02 06

In this section we introduce a similarity measure based on
Matrix F>of R distance for neutrosophic soft sets, which can be used in

© 2014 NSP
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the field of pattern recognition, feature extraction, regio F¥ = (F*,F*,F9) and G° = (G*,G*,G"),
extraction, image processing, coding theory etc. We first/h(en,
define a distance function between two neutrosophic softz8 (e ) =

where
(Fnbm(aﬂ)» Frﬁn(elﬂ)a Fnin(em)) and
), Ginn(€m), Gmn(€m)) for eachen € E

) =
(Gran(€m

sets. We then give the similarity measure by means of th%mdm nicA.

distance function.

Definition 20.L.et U  be
U= {X1,X2,
E = {e1,e,...,a}.. Suppose that ¥ and & are two
neutrosophic soft sets over, Ue., u(em) = d(em) = 1 for

each ¢, € E, F¥ = (F*,F*,F9) and @ = (G*,G*,G").
Then we define the distance function as follows:

d(F“,G5)::wmx(dm(F“,G5)).

Here, dy (F#,G°) denotes the distance betweet Bnd
G? the according to mth parameter and is defined by

(o) - (153 (o -o8))

where R, (em) = (FninJ (€m): Fron; (€m), Fiin, (em)) and

Gl (Em) = (G (&m): Ginn, (€m), Ging (6m)) for each
en€ Eand mn,i,j € A.

Then similarity measure betweer End @ based on
distance, denoted by (F#,G?), is defined by

0 (£#,%) = mnn (<.
1
1+dm (FH,GO)

the universal set,

where Oy (F“ G‘S)

Example @.et us consider the neutrosophic soft sets
andG? as follows, respectively:

(mspﬁpsﬂo4ozaa(0&0&01
(0.4,0.4,0.5) (0.7,0.1,0.8) (0.7,0.8,0.5
(0.1,0.9,0.4) (0.2,0.8,0.3) (0.2,0.6,0.4
(mspgpﬁﬂoaoaom(ozoLo4)

(0.7,0.5,0.2) (0.6,0.3,0.6) (0.4,0.3,0.7

( ( )

Here, di (F¥,G%) = 0.74, dp (F¥,G°) = 0.46 and
d3(FH,G%) = 1.03. Then D;(FH,G%) = 057,
D, (FH,G%) =~ 0.68 and D3 (F*,G%) = 0.49 and so
D (FH,G°) 2 0.49.

O T

0.9,0.1,0.6) (0.8,0.1,0.9) (0.9,0.5,0.8

5 Similarity measures between generalised
neutrosophic soft sets

Let U be the universal set) = {x1,X,...,x} andE be
the set of parameterk,= {e;, e, ...,&}. Suppose theft

andG? are two generalised neutrosophic soft sets tler

X} and E be the set of parameters, which

For the calculation of similarity betwed®* andG?,
denoted byS(FH,G?), we do three different calculation,

are s(u,d), (F“ G%) and finally
S(FH,G%) =s(FH, G5) x s(H,0). Let us define
)

Struth (FIJ G° :ma)qngfr](F“ Gé)
Sndeter(Fu G ): aan%(F“ Ga)
%) = maxy

Stalsity (F G Sm(FH’GCS) )
where
,GD
Sn(FH.GO) =1
Z ‘Fmr] +qu‘
z F* G*
s (FH, G5)_.1
,G<
sh(FH,G%) =1
Z ‘Fmr] JrGmr]‘

for eachm,n,i € AA.
Then we define the similarity betweét! andG? as
follows

S(F“,Gé)::S(F“,G5)><s(u,6%

where

S<F“7G5) ;(Struth (F G )JFSndeter(F Ga)
+Stalsity (F“7Gé))

and where

s(u,8) =1— gﬁ#gmew®mww%=&%)

for eachen, € E.

Example 7Let U = {c1,Cp,c3} andE = {e, ey, €e3}. Let
us consider two generalised neutrosophic soft Gétand
G? as follows, respectively;

(
(

0.4,0.1,0.1
0.3,0.4,0.3
0.4,0.2,0.5

0.1,0.4,0.3
0.2,0.3,0.2
0.7,0.1,0.2

0.1,0.4,0.9
0.4,0.3,0.2
0.1,0.2,0.1

0.8,0.1,0.6
0.4,0.3,0.2
0.8,0.2,0.8

0.2,0.1,0.8
0.3,0.3,0.9
0.5,0.2,0.2

0.1,0.7,0.1
0.5,0.3,0.1
0.3,0.2,0.6

AAA,.\,.\,.\
—_—— s N
PRy
PabANE AN S NN
PRy

Then
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s (FH,G%) =~ 0,35, s;(FH,G%°) =~ 085 and

s; (FH,G%) = 0.57 = sun (FH,G?) 2 0.85,

s;(FH,G%) =~ 033s;(FH,G%) =~ 094 and
s; (FH,G%) = 0.90 = Spdeter (F#, G°) = 0.94,
s{(FH,G%) =~ 057, s3(FH,G°) = 052 and

53 (FH,GP) = 0.41 = staisity (F#,G®) 2 0.57.
So

0.85+0.94+0.57
S(F“,G‘5> _ 26+ 0I+ 05T L h78
3
Moreover, ‘
_ |Um—0m| 0.2+0.1+0,1 __

Thus by definition of similarity between two

generalised neutrosophic soft sets, it is follows that
S(F“,G‘S) :s(F“,G5) S(1,8) = (0.78) x (0.88) 2 0.69.
Definition 21Let F¥ and & be two generalised

neutrosophic soft sets over U. We say thétdhd @ are
significantly similar if §F#,G%) > 1.

Proposition 5The above defined similarity measure

between generalised neutrosophic soft setsdnd &
satisfies the following properties:

(1)0< S(FH,G°%) <1;

(2FH =G° = S(FH,G°%) =1,

(3)S(FH,G®) = S(G%,FH);

(4)If FH C G® C HO, then §FH HA) < S(FH,G?) and
S(FH,HA) < S(G%,HY).

ProofThe results(1),(2) and (3) holds trivially from

definition. We only prove4).
Suppose thae# C G% C H2. Then

Fon (em) < Gy (em) < Hpyp (Em),
Fin (€m) < Gy (8m) < Hpyp (€m),
Fon (8m) > Gy (Em) > Hig (Em),

andu(en) < o(em) < A(en) for eachen, € E andm,n,i €
A. Since

k k
i§l|Frlr>1n _G:m| izl“:nbm - Hrbnn’

K =%
i§l|Fr'1>m+Gﬁm| igl“znperHrbnn

and
k k
3 |Fin = Hig | 3 |Fin = Ghn |
1_ =t <q_i=t
k = k
izlyFr?anHann’ izl|Fr?m+G'r>nn|

for each e, € E and mn,i € A, we have
sn(FHHA) < s (FH,GP) for all me A. Similarly, it
can be proved thats;, (FF,.H) < s;(FH,G?%) and
sn(FH.HY) < sy (FH,G%) for all m e A. By
max-operation, this implies thatsqyn (F¥,HY) <
Sruth (F“7Gé), Sndeter(FuvH)\) < Sndeter(Fu,Gé) and
Sfalsity(F“7 HA) < Stalsity (F“7G5) . Hence
s(FH,HA) <s(FH.G?).
On the other hand, singe(em) < d(em) < A(em) for

eacheny, € E, we have that

> | tm — Om| < > |Um— Am|

3 [Um+8m| = 3 [Hm+Am|’

> [Hm— Am| 3 |Hm — Om|
1- <1l-—
S [Hm—+Am| — > | Hm =+ Om|

and so
s(u,A) <s(u,9).
By s(FH,H") < s(FH,G%) and s(i,A) < s(,d), it
follows thatS(FH,H?) < S(FH,G?).
Similarly, we have thaB(FH,H) < S(G% H*).

6 Decision-making method based on the
similarity measure

In this section, we present a handling method for the
decision-making problem by means of the similarity
measure between generalised neutrosophic soft sets. Note
that the similarity measure depends on both the
neutrosophic set value, i.d={e) and the reliability of the
value, i.e.,u(e) for any generalised neutrosophic soft set
FH.

Let us consider the universal sgt= {y,n},contain
only two elements "yes and no”. Suppose that
P = {p1, P2, p3, P4, ps} are five projects offered to State
Planning Organization in Turkey. Let
E = {e1,e,63,64,65,65,€7,63} be the set of parameters
(criteria for every project), where e;=health
e=educationes=economyes=environment
es=culture es=tourisme;=industry and eg=European
Union.

It has been developed a great number of criteria for
acceptability testing both a single project and more than
one independently of each other. Here, the our aim is to
select the optimal project according to given parameters.
For to evaluate the projects in terms of the parameters, itis
established by the government a supervisory board. Model
generalised neutrosophic soft set of this supervisorydoar

is given in Table 1.

Table 1: Model generalised neutrosophic soft set
M7 health education economy environment
Y €] €] (.11 (0,0.0)
n (0,0,0) (0,0,0) (0,0,0) (1,1.1)
a 1 1 1 1

MY culture tourism industry European Union
Yy 0.00) | LL1) (0,0,0) (LL1)
n (1.1 (0,0,0) (LL1) (0,0,0)
a 1 1 1 1
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For each project, the supervisory board report thesoft sets and discussed an application of this to decision

results given follow: making problem. In future one could study algebraic
Table 2: Generalised neutrosophic soft set far structures such as group, ring and field of the
FH health education economy environment - . - .
vy 08,01,02) | (060208 | (01,0402 | (07.0408) neUtrOSOpth soft set and also its generallzatlon.
n (0,4,0.3,0.5) (0.1,0.2,0.2) (0.6,0.5,0.7) (0.5,0.1,0.4)
u 0.4 0.6 0.2 0.8
FH culture tourism industry European Union
(0.5.0.3,0.5, 0.6,0.4,0.4) 0.2,0.6,0.9 0.0.7,0.3
ﬁ (0.20.9.0.1; 30.7.0.10.5) ((0A0.4.0.8)) (5).8‘0.1.0;) References
m 0.4 05 0.2 0.1
Table 3: Generalised neutrosophic soft set for [1] A. Aygunoglu, H. Aygun, Introduction to fuzzy soft groups,
[ health education economy environment Comput. Math. App|58, 1279-1286 (2009)
e I e I I M e [2] A. Kharal, B. Ahmad, Mappings on fuzzy soft classes, Adv.
[ 04 03 07 08 Fuzzy Syst. 6. Article ID 407890 (2009).
a8 culure tourism industry European Union [3] A.R. Roy, P.K. Maji, A fuzzy soft set theoretic approach
0.1,0.1,0.1 0.1.0.7,0.3; (0.7,0.2,0.5) (0.4,0.4,0.1) el 1
ﬁ 20.9.0.7.0,9; Eo.s.o,s.o.si (0.9,0.4,0.1) (0.1,0.3,0.3) Elolgleflsong]oa?%mg prOblems‘ J. CompUt' Appl' M&203
3 0.3 0.3 0.1 0.5 .
Table 4: Generalised neutrosophic soft set fay [4] B. Schweirer, A. Sk_lar, Statistical metric space, Pacific
WA health education economy environment Journal Of Mathemath$01 314'334 (1960)
(0.1,0.8,0.5) 0.8,0.5,0.2) 0.4,0.3,0.1 0.3,0,0.5) —fi
ﬁ (0.3,05,05) 205.0.1‘0,3) (02,02,03) (E),s.o.sAo.S) [5] 2 '\/:O:lg()?dtfgvéf(z;fgsge;)theory first results, CompUt' Math.
A 0.8 0.6 0.7 0.7 pp . y |—, .
o P prap— dusty | European Union [6] F. Feng, Y.B. Jun, X.Z. Zhao, Soft semirings, Comput. Math.
1050505 | (020504 | GoLEE | (@8080D Appl. 56, 26212628 (2008).
X 03 06 08 08 [71F. Smarandache, Neutrosophy and Neutrosophic

Logic, First International Conference on Neutrosophy,

Table 5: G lised neut hic soft set . ) . o
ane eneralised neutrosophic soft set for Neutrosophic Logic, Set, Probability, and Statistics

KE health education economy environment
y (0.4,0.6,0.1) (0.8,0.1,0.2) (0.3,0.5,0.8) (0.4,0.6,0.7) University of New Mexico, Gallup, NM 87301, USA
n (0.1,0.1,0.8) (0.4,0.1,0.4) (0.6,0.7,0.2) (0.9,0.3,0.3)
e 01 04 09 03 (2002).
e Ui ourem sy European ion [8] F. S_marandache. A Unifying Field ir_1 Logics: Neutrosophif:
L M T M T o Logic. Neutrosophy, Neutrosophic Set, Neutrosophic
G 02 07 03 07 Probability. American Research Press, Rehoboth, NM,

Table 6: Generalised neutrosophic soft set fir (1999). . i
7O hiealth Sducation conomy | emvironment [9] H. Aktas, N. C@yman, Soft sets and soft groups, Inform. Sci.
(@307 03 (070404 | (070508 | 030807 177, 2726-2735 (2007).

04 06 06 02 [10] J. Zhan, Y.B. Jun, Soft BL-algebras based on fuzzy sets,

TW culture tourism industry European Union Comput. Math App|59, 2037—2046 (2010)
T B T ) [11] K. Gong, Z. Xiao, X. Zhang, The bijective soft set with its
® 07 05 05 o1 operations, Comput. Math. Ap@0, 2270-2278 (2010).

| [12] K.V. Babitha, J.J. Sunil, Soft set relations and functions,
Comput. Math. Appl60, 1840-1849 (2010).

M.I. Ali, F. Feng, X. Liu, W.K. Min and M. Shabir, On some
new operations in soft set theory, Comput. Math. Al

Now, we compute the similarty between the mode
generalised neutrosophic soft set and the generalisefi13
neutrosophic soft set of each project as follows: ]

o N 1 o ~3\ 1 1547-1553 (2009).
S(M?,FH) = 0.44< E’S(M G ):0'51> 2’ [14]N. Caman, S. Enginglu, Soft set theory and uni-int
1 decision making, European J. Oper. R@67, 848-855
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2 2 9), 1077-1083 (2002).
[16] P.K. Maji, R. Biswas, A.R. Roy, Soft set theory, Comput.
Thus we conclude that the projeps is should be Math. Appl.45, 555-562 (2003).
selected by the supervisory board. [17] P.K. Maji, R. Biswas, A.R. Roy, Fuzzy soft sets, J. Fuzzy

Math. 9, 589-602 (2001).
[18] P.K. Maji, R. Biswas, A.R. Roy, Intuitionistic fuzzy soft sets,
. J. Fuzzy Math9, 677-692 (2001).
7 Conclusion [19] P.K. Maji, A.R. Roy, R. Biswas, On intuitionistic fuzzy soft
) ) sets, J. Fuzzy Math.2, 669-683 (2004).

In this paper we have introduced the concept of[20]pK. Maji, Neutrosophic soft set, Annals of Fuzzy
generalised neutrosophic soft set and studied some of the  Mmathematics and Informatics, 157-168 (2013).
related properties. By generalizing the similarity measur [21] P.K. Maji, Neutrosophic soft set approach to a decision
given in [22], we also presented a new method to find out making problem, Annals of Fuzzy Mathematics and
the similarity measure of two generalised neutrosophic  Informatics.3, 313-319 (2012).

© 2014 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.8, No. 6, 2751-2759 (2014)www.naturalspublishing.com/Journals.asp =~ S =y 2759

[22] P. Majumdar, S.K. Samanta, Generalised fuzzy soft sets, Ridvan Sahin  was
Comput. Math. Appl59, 1425-1432 (2010). born in Gumushane City
[23] P. Majumdar, S.K. Samanta, Similarity measure of soft sets, in 1986. He received the
New Math. Nat. Compu#, 1-12 (2008). BSc and Master degrees in
[24] U. Acar, F. Koyuncu, B. Tanay, Soft sets and soft rings, Department of Mathematics,
Comput. Math. App|59, 3458-3463 (2010) Facu|ty of Science, Ondokuz
[25] W. Xu, J. Ma, S. Wang, G. Hao, Vague soft sets and their Mayis University, Samsun
properties, Comput. Math. Ap@9, 787-794 (2010). in 2008 and Department
[26] XB Yang, T.Y. Lin, J.Y. Yang, VY. Li, D. Yu, Combination of of Mathematics, Faculty of
interval-valued fuzzy set and soft set, Comput. Math. Appl. Science, Ataturk University

58, 521-527 (2009). . . ; '
Erzurum in 2011, respectively. He is an Assistant
[27)Y.B. Jun, Soft BCK/BCI-algebras, Comput. Math. Appé Researcher at Ataturk University and a PhD student. He is

1408-1413 (2008). ; . . .
[28] Y.B. Jun, K.J. Lee, J. Zhan, Soft p-ideals of soft BCI- referee of several international journals in the frame of

algebras, Comput. Math. Ap88, 2060-2068 (2009). fuz_zy theory and a_lpplied _mathematics. His resear_ch
[29] Y.B. Jun, K.J. Lee, C.H. Park, Soft set theory applied to activity concerns various topics such as pure and applied
ideals in d-algebras, Comput. Math. Apf7, 367-378  Mmathematics, decision making, fuzzy theory and

(2009). application, soft set theory and its topology.
[30] Y.B. Jun, K.J. Lee, A. Khan, Soft ordered semigroups, Math o ]
Logic Q.56, 42-50 (2010). Ahmet Klguk is

Professor of topology
in the Department of
Mathematics, Faculty of
Science, Ataturk University,
(Turkey) Erzurum. He
received his diploma in
Mathematics-physics in 1978
and his PhD in 1989, both
from Ataturk University. He
has published research articles in international jourofls
mathematical and computation sciences. His research
activity is mainly focused on topics of knot theory and
applications and soft set theory.

[31] V. Jiang, Y. Tang, Q. Chen, H. Liu, J. Tang, Interval-valued
intuitionistic fuzzy soft sets and their properties, Comput.
Math. Appl.60, 906-918 (2010).

© 2014 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

	Introduction
	Preliminaries
	Generalised neutrosophic soft sets
	Similarity measures of neutrosophic soft sets based on distance
	Similarity measures between generalised neutrosophic soft sets
	Decision-making method based on the similarity measure
	Conclusion

